The lifetime of water solution foams of sodium dodecylsulfate (DDS, low molecular weight surfactant) and sodium carboxymethylcellulose (SCMC, polyelectrolyte) and their binary mixtures was experimentally investigated. The effects of ionic strength and acidity on the foam life were also determined. In binary solutions, a synergic effect of DDS and SCMC on the surface tension reduction, most likely resulting from the interaction of the surfactant with polymer, was found. The addition of NaCl into solution or increasing the ionic strength was found to decrease the surface tension and reduce interfacial mobility, hence increased foam lifetime. The relatively low lifetime of binary solution foams in acidic medium was attributed to the reaction between SCMC and acid, which resulted in relatively small reductions in the viscosity and consequently lowered the solution viscosity. C 2006 Springer Science + Business Media, Inc.
Introduction
Foams, also known as cellular materials composing of liquid and air, are the class of materials characterized with their relatively low densities. The unique properties associated with their cellular structures in addition to their lightness have made them very attractive materials to be used in many different, diverse applications including washing and cleaning, construction, firefighting, ore enrichment by flotation, oil and gas industry, dust-depression and etc. [1] [2] [3] . The stable foam configurations with specific physical and chemical properties are needed in many of these and also for future applications of foams. The foam stabilization is therefore a key parameter for manufacturing foams with desired properties and involves many complex processes, of which the mechanisms are not completely understood. It is well known that high-molecular weight substances such as water-soluble polymers (WSPs) particularly polyelectrolytes (PEs) are the foam stabilizing elements [4] [5] [6] [7] [8] . The mechanisms of * Author to whom all correspondence should be addressed.
foam stabilization using WSPs however have not been completely clarified. This study is a further investigation of understanding the mechanisms of foam stabilization with water-soluble PEs with and without using a surfactant. The water solution foams containing sodium carboxymethylcellulose (SCMC) as polyelectrolyte and sodium dodecylsulfate (DDS), an anion active micelle forming surfactant, and their binary mixtures were studied in order to determine the effect solution composition, salt addition, ionic strength and acidity on the foam lifetime. Based on the experimental results, the possible effects such parameters on the foam lifetime were explained. (C 12 H 25 OSO 3 Na) and their binary mixtures. Foaming was conducted at room temperature, 20
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• C, for 40 s. The volumes of prepared foams in the foam column were then measured as function of time in order to determine the foam collapse and foam stability. The first group of experiments was conducted on SCMC solutions (without DDS-addition) with concentrations ranging between 1 × 10 −6 and 1 × 10 −2 mol l −1 . In the second group, DDS solutions with concentration of 1 × 10 −3 and 1 × 10 −2 mol l −1 were foamed without SCMC-addition. The foaming experiments were then continued with the binary mixtures of SCMS and DDS. In these experiments, the concentration ratio of DDS to SCMC, n =
, ranged between 1 × 10 −4 and 1 and the concentration of SCMC was kept constant, 1 × 10 −2 mol l −1 . The capillary pressure of the foam plateau borders (Gibbs-Plateau) was measured using the porous plate technique [9] . In this technique the films were formed through a hole-drilled fritted glass disk that was connected to a capillary tube of a constant reference pressure. The equilibrium surface tensions of water solutions were determined by the Wilhelmy Plate method [10] with an accuracy of ± 0.2 mN/m at 25
• C using a platinum plate. The viscosity of the solutions was measured using a capillary viscosimeter with a water expiration time of 113 s. A photometer (KFK-3) was used to determine the optical densities of the solutions at a wave length of 490 nanometers.
Results and discussions
In the first group of experiments no foaming was observed within the investigated range of the SCMC concentrations (1 × 10 −6 -1 × 10 −2 mol l −1 ). This would be expected since, as a polymer, SCMC only renders the foam stabilization by increasing the interface layer viscosity of the foam. The volume of the second group and binary mixture solution foams as function of time is shown in Fig. 1 . In the second group tests, the effect of increasing surfactant (DDS) concentration, from 10 −3 (curve 1) to 10 −2 mol l −1 (curve 2), increases foam expansion. The foaming of DDS solutions was observed to start at concentrations above about 10 −3 mol l −1 . On the contrary, the foaming of binary mixture solutions started at a DDS concentration as low as 10 −4 mol l −1 (curve 3 of Fig. 1 ). The increase of DDS concentration in binary solutions, as depicted in curves 4, 5, 6 and 7 of Fig. 1 , further increases the foam expansion and improves the foam lifetime. The highest foam expansion and lifetime are found in the binary composition of n = 1. Fig. 2 shows the change of capillary pressures ( Ps) of the solutions in the foam column as function of time. The Ps measurements were carried out until the maximum pressure reached. The foam solutions studied reach the equilibrium P values within 10-15 min and the highest capillary pressure is shown by 10 −2 mol l −1 DDS solution (curve 1 of Fig. 2 ). Since DDS foam solution is comparably less stable and therefore collapses with a higher rate, it reaches the equilibrium P value earlier. The lowest P values, however, are found in the binary foam solutions as seen in Fig. 2 . The equilibrium P values also give qualitative information on the thicknesses of the foam films [8, 11] . The foam collapse results from the film thinning process in which the liquid flows from the cell faces to the plateau borders under the influence of capillary pressure [12] . The relatively low values of P measured in the binary foam solutions of DDS and SCMC confirms the above statement and is due to the reduced surface tension of the solutions with SCMC-addition leading to a decrease in the surface mobility. The surfaces of films are also likely to be saturated with DDS at increasing concentrations (near n = l), which predominantly determines the film properties. Therefore, the effect of SCMC-addition diminishes at DDS concentrations close to the critical micelle forming concentration.
